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(57) Abstract 

A single laser (30) is used to provide light for both 
dark (80) and bright field (60) detection. The laser beam 
is split into two beams by a Wollaston prism (40) and 
bom beams are directed towards a sample (12) to be 
inspected to illuminate two areas (16, 18) of the sample. 
The light reflected by or transmitted through the sample 
at the two spots is then combined by the same or a 
different Wollaston prism and the phase shift caused by 
any anomaly of a sample is detected as a phase shift 
between the two beams by a bright field detector. Light 
scattered by the sample at the two spots is detected by a 
dark field detector. A halfwave plate (36) is used to orient 
the polarization plane of light from the laser incident on 
the Wollaston prism so that one of the two beams (52, 
54) incident on the sample has a much higher intensity 
than the other and so that the sensitivity and the detection 
operation of dark field is not altered by the presence of two 
illuminated spots on the sample. A transparent dielectric 
at a suitable angle to the incident beam and the reflected 
or transmitted beam may be used to enhance bright field 
detection. 




FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Australia 


GN 


Guinea 


NE 


Niger 


BB 


Barbados 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


hah/ 


PL 


Poland 


BJ 


Benin 


JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KE 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystm 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Centra] African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


C6tc d'lvoire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senegal 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


CZ 


Czech Republic 


LU 


Luxembourg 


TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


E*ton ii 


MD 


Republic of Moldova 


UA 


Ukraine 


E5 


Spain 


MG 


Madagascar 


UG 


Uganda 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


FR 


Prance 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 97/33158 



PCT/US97/04134 



1 



SINGLE LASER BRIGHT FIELD AND DARK FIELD 
SYSTEM FOR DETECTING ANOMALIES OF A SAMPLE 

Background of the Invention 
This invention relates in general to systems 
for detecting anomalies of samples , and in particular to 
a single laser bright field and dark field system for 
detecting anomalies on samples such as semiconductor 
wafers, photomasks, reticles and ceramic tiles. 

The size of semiconductor devices fabricated 
on silicon wafers has been continually reduced. At the 
present time, for example, semiconductor devices can be 
fabricated at a resolution of a half micron or less, and 
64 megabit DRAMs are being fabricated with a 0.35 micron 
design rule. The shrinking of semiconductor devices to 
smaller and smaller sizes has imposed a much more 
stringent requirement on the sensitivity of wafer 
inspection instruments which are called upon to detect 
contaminant particles and surface defects that are small 
compared to the size of the semiconductor devices. In 
addition to the detection of the presence of a defect, 
frequently it is useful also to know the structural 
characteristics of the defect, such as whether a surface 
defect is an elevation or a depression in the surface. 

Many wafer inspection instruments are dark 
field systems, where light scattered on a surface is 
inspected to detect particles and surface defects. One 
of the problems in a dark field system is that, due to 
the fact that information concerning structural 
characteristics of the defects may be lost because of 
the scattering, it may be difficult or impossible for 
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dark field systems to determine the structural 
characteristics of the defects , such as whether the 
defect is an elevation or a depression in the surface. 
While it is possible for bright field systems to detect 
5 the structural characteristics of the defect, the ever 
present background signal can be many orders of 
magnitude larger than the feature related signal from 
the defect. 

Thus none of the conventional systems or 
10 systems proposed is entirely satisfactory. It is 
therefore desirable to provide an improved anomaly 
detection system which can detect anomalies which are 
small relative to the size of the semiconductor devices 
as well as the structural characteristics of the 
15 defects. 

Summary of the Invention 

This invention is based on the observation 
that both dark field detection and bright field 
detection may be employed for detecting particles and 
surface defects that are small compared to the size of 
semiconductor devices as well as the structural 
characteristics of the defects. While two lasers may be 
used, one for the bright field portion and one for the 
dark field portion of the system, it is advantageous to 
use a single laser for both portions of the system in a 
manner that facilitates the registration of areas 
detected by the two portions of the system. 

One aspect of the invention is directed 
towards a system for detecting anomalies of a sample, 
comprising means for transmitting to said sample two 
substantially parallel optical incident beams. The 
beams are initially coherent but are of different 
polarizations. The system further comprises at least 
one dark field detector detecting light scattered by the 
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sample from the two incident beams and a bright field 
detector detecting a phase difference between 
transmitted or reflected portions of the two incident 
beams by the sample. 
5 Another aspect of the invention is directed 

towards a method for detecting anomalies of a sample, 
comprising the steps of transmitting to said sample two 
substantially parallel optical incident beams, said 
beams being initially coherent but of different 
10 polarizations, detecting light scattered by the sample 
from the two incident beams; and detecting a phase 
difference between transmitted or reflected portions of 
the two incident beams by the sample. 

Brief Description of the Drawings 

15 Pig. 1 is a schematic diagram illustrating a 

combined dark field and bright field system for 
detecting anomalies on a surface to illustrate the 
preferred embodiment of the invention. 

Fig. 2 is a graphical plot of the point spread 

20 function of the system of Fig. 1 to illustrate the 
preferred embodiment of the invention. 

Fig. 3A is a schematic diagram illustrating 
the incident angle of the light of the system of Fig. 1 
relative to a block of a transparent dielectric material 

25 useful for illustrating the invention. 

Fig. 3B is a schematic diagram of the block of 
Fig. 3A, but where the incident angles of the laser 
light and its reflections relative to the block have 
been altered to improve the sensitivity of bright field 

30 detection to illustrate the preferred embodiment of the 
invention . 

Fig. 4 is a graphical illustration of the 
reflectance of the block of transparent dielectric of 
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Fig* 3B as a function of the angle of incidence to 
illustrate the preferred embodiment of the invention. 

Fig. 5 is a schematic diagram illustrating a 
combined dark field and bright field system for 
5 detecting anomalies of a sample to illustrate an 
alternative embodiment of the invention. 

For simplicity in description, identical 
components are identified by the same numerals in the 
application. 

10 Detailed Description of the Preferred Embodiment 

System 10 of Fig. 1 is a laser-based scanner 
anomaly detection system to illustrate the preferred 
embodiment of the invention. The illumination system 
and the light collection and detection system of Fig. 1 

15 are stationary and the surface 12 of a sample to be 
inspected is moved along a spiral path. A spiral scan 
path is accomplished by rotating the surface about a 
shaft or axle by a rotary motor, and simultaneously 
translating the shaft or axle along a line using a 

20 linear translation stage and motor combination. The 
rotational motion of the surface about the shaft or 
axle, and the translational motion of the shaft or axle 
are coordinated by controlling the two motors so that 
the illuminated portion of the surface traces a spiral 

25 path on the substrate. 

Surface 12 is a light reflective surface, such 
as that of a semiconductor wafer, photomask, reticle, 
ceramic tile, or other surface. As shown in Fig. 1, 
surface 12 to be inspected is rotated about a shaft or 

30 axle 14 located behind the plane of the paper, so that 
the illumination portion of the system 10 causes two 
spots 16 and 18 of surface 12 to be illuminated. Thus 
spots 16 and 18 are located on a tangential path of the 
rotational motion of surface 12 about axle or shaft 14. 
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If surface 12 is rotated about axle 14 along the 
direction of arrow 22 indicated, then the portion of the 
surface first illuminated within spot 16 will be 
illuminated in spot 18 at a later time. Surface 12 is 
5 also moved relative to axle 14 in a translational motion 
so that spots 16, 18 will cover the entire surface 12 
along a spiral path. Laser-based scanners employing the 
above-described rotational and translational motion of 
the surface with fixed illumination and collection 
10 systems are known and are described , for example, in 
U.S. Patent Nos. 4,391,524; 4,526,468; and 4,598,997, 
all issued to Steigmeier, and in U.S. Patent No. 
5,377,001. 

System 10 employs a bright field detection 
15 scheme that utilizes Nomarski's differential 
interference contrast principles. For a detailed 
explanation of Nomarski's differential interference 
contrast principles, please see "Quantitative Surface 
Topography Determination by Nomarski, Reflection 

20 Microscopy, I. Theory," by Delbert L. Lessor, John S. 
Hartman and Richard L. Gordon, Journal of Optical 
Society of America Vol.' 69 No. 2, page 357 (1979). As 
shown in Fig. 1, laser 30 provides a coherent optical 
beam 32 substantially at a predetermined wavelength of 

25 linearly polarized light. Beam 32 is passed through a 
Faraday isolator 34 and a halfwave plate 36 and passes 
through a beam splitter 38 before it reaches a Wollaston 
prism 40. Beam splitter 38 is of a type that preferably 
transmits 85% or more of the light in beam 32 towards 

30 the Wollaston prism. Halfwave plate 36 is used to 
rotate the plane of polarization of beam 32 with respect 
to the vertical and horizontal axes of Wollaston prism 
40 so that the beam 41 transmitted through beam splitter 
38 is split into two beams 52 and 54, one with a 

35 vertical plane of polarization and the other with a 
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horizontal plane of polarization. The beams 52 and 54 
are passed through the beam forming optics 42, reflected 
by mirror 44 through an aperture in an ellipsoidal 
container 46 towards another mirror 48 which reflects 
the two beams towards surface 12 to illuminate the two 
spots 16 , 18 described above. Where beams 52 , 54 are 
substantially normal to surface 12, the specular 
reflections of the two beams 52, 54 by surface 12 
substantially retrace the paths of the two incident 
beams, from surface 12 to mirror 48, mirror 44, beam 
forming optics 42, and are combined by Wollaston prism 
40 into a single beam 56 again, with 85% or more of such 
combined beam passing through beam splitter 38 and then 
absorbed by Faraday isolator 34. But 15% or less of the 
light in such combined beam 56 is reflected by beam 
splitter 38 towards a bright field detector 60. 

If A, B are the complex electric fields of the 
reflections of respective beams 52, 54 by surface 12 in 
the combined beam 56, then the complex fields A, B are 
given by the equations below: 

A = e/ 1 exp {/(cof+^+p,)) 
B = e/ 2 exp {/((Of+^+pg)} 

where e u e 2 are the amplitudes of the incident electric 
fields of beams 52, 54 at spots 16, 18 respectively, and 
r x and r 2 are the reflectivities (including wafer 
reflectivities, and all other reflectivities encountered 
between the wafer and detector 60), CO is the angular 
optical frequency of laser 30 and and $ 2 are the 
optical phases associated with or caused by surface 12 
at spots 16, 18 respectively, and 3i and 3 2 are the 
average optical phases of two beams 52, 54 incident upon 
surface 12 and reflected therefrom, where the latter two 
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terms 3i/ £2 also include the effect of microphonics in 
the system such as temperature and pressure fluctuations 
and mechanical vibrations* In a differential 

interference contrast system such as system 10, however , 
5 due to the proximity of the two beams 52 , 54 to each 
other, these spurious effects are almost identical and 
can be ignored. 

Polarizing beam splitter 62 has its axes 
oriented at approximately 45° with respect to the axes 
10 of the Wollaston prism, so that the transmitted beam 72 
and the reflected beam 74 have complex electric fields 
E w E 2 given by the equations below: 



v/2 



E 2 , JL (A-B) 



Detector Dl detects the intensity Si of beam 
72 and detector D2 detects the intensity S 2 of beam 74, 
15 where S lf S 2 are proportional to quantities given below: 



and S 2 cc fr t +l 2 -2fife cos (5cJ>+p)} 
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where /,-!•, | 8 ; / 2 =|* 2 I 2 



and ot-^-ft, & p=p 2 -P, 

in a manner known to those skilled in the art, 
the quantity P can be adjusted by adjusting the lateral 
incident position of the beam for illuminating the 
surface on Wollaston prism 40; preferably, such relative 
5 position is adjusted so that P has the value of 90° or 
7i/2. The above equations for Sj and S 2 therefore reduce 
to the following: 



S, a { + l 2 - ZyflJl sin (5(f))} 

S 2 a { /, + l 2 + ZyjlJl sin (6(|))} 
For small 6 (J), sin (5$)* (5$ )- //near response 

so that S = (S^S^ a k/fe 6(J)} 

For most anomalies, the phase difference 6<t> 
would be small, so that the above-described 
10 linearization process may be employed. Other schemes 
for linearizing the phase difference may also be used, 
such as that described in "Linear Imaging in Scanning 
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Polarization/Interference Contrast Microscopy, " by C.W. 
See and M. Vaez-Iravani, Electronics Letters. September 
25, 1986, Vol* 22, No. 20, pages 1079-1081. 

Thus from the above equations , it is seen that 
5 the differential phase between the complex electric 
fields A, B of the reflections at spots 16, 18 is 
measured by the difference output 66a, and is given by 
the quantity S in the equations above. Thus system 10 
can be calibrated to measure the differential phase 

10 between the complex electric fields A, B . One important 
feature of system 10 is the fact that, since the 
measured quantity S responds linearly to the 
differential phase between A, B, the measured quantity 
S preserves the sign of the differential phase; that is, 

15 whether the anomaly is a depression or an elevation on 
the surface 12 . in this instance, a particle on the 
surface will give rise to a positive differential phase, 
just as with an elevation. An inherent feature of the 
Wollaston-based system 10 is that it allows arbitrary 

20 phase biasing between the two beams 52, 54, which 
results in a guaranteed linear response of the system. 
Furthermore, since the system is differential in nature, 
it has major advantages in terms of the rejection of 
common mode noise, and cancellation of vibrations which 

25 are along the beam direction affecting the light paths 
of the two beams.- In a normal mode of operation, the 
phase difference is obtained at a high frequency. This 
allows the possibility of applying a high pass filter to 
the output differential phase signal which, in turn, 

30 greatly alleviates complications due to vibration 
induced lateral shift of the Wollaston prism and the 
light beams passing through the prism. The total 
reflectance signal at output 64a gives the total 
reflectance of a sample and can be used for normalizing 

35 the difference output signal at output 66a. 
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The ellipsoidal collector 46 reflects the 
scattered light from spots 16 and 18 towards a dark 
field detector 80. For a more detailed explanation of 
the operation of the ellipsoidal collector 46 and the 
5 dark field detector 80, please see U.S. patent 
application Serial NO. 08/216,834, filed March 24, 1994, 
entitled "Process and Assembly for Non-destructive 
Testing of Surfaces, " which is incorporated herein in 
its entirety by reference. Mirror 48 prevents specular 

10 reflection from spots 16 and 18 from reaching the dark 
field detector 80. For simplicity, only the light rays 
collected by collector 46 from spot 16 are shown in Fig. 
1, it being understood that collector 46 will also 
collect light from spot 18 and direct such rays to 

15 detector 80. Also for clarity of illustration, the 
separation between the spots 16, 18 is exaggerated; such 
separation is typically half of a spot diameter or less. 

While dark field detection can be very 
sensitive to small surface anomalies, dark field 

20 detection alone typically does not yield information on 
the structural characteristics of the surface anomaly. 
As noted above, the phase detection scheme described 
above for bright field detection can differentiate 
between depression on the one hand and elevation or 

25 particle on the other; such bright field detection can 
be used to supplement dark field detection to yield more 
information on the surface anomaly. If a first laser is 
used to illuminate a first spot on the surface 12 for 
dark field detection and a second laser is used to 

30 illuminated a second spot on the surface 12 for bright 
field detection, then in order to benefit from both dark 
and bright field detections, one must be able to 
identify or register the dark field data for a 
particular spot on the surface with the bright field 

35 data for the same spot. This is cumbersome and any 
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misregistration errors would defeat the purpose of using 
both bright and dark field detection. 

The scheme 10 of Fig, 1 avoids this problem 
altogether since a single laser is used so that both the 
5 bright field detector 60 and the dark field detector 80 
are detecting from surface features on the same area or 
areas such as spots 16, 18 on surface 12. This 
eliminates any need for methodology to remedy 
misalignment of bright and dark field data. 

10 to avoid reducing significantly the intensity 

of illumination and hence the detection sensitivity in 
dark field detection systems, the relative intensity of 
beams 52, 54 may be such that one (e.g. beam 52) is at 
a much higher intensity than the other, such as where 

15 one beam is at an intensity that is twenty times or more 
that of the other. The optical arrangement for 
achieving such ratio of intensities is explained below. 
As shown below, the above advantages of a single laser 
for both bright and dark field detection can be retained 

20 without sacrificing significantly the illumination and 
hence the detection sensitivity of dark field detection. 
This is illustrated in Fig. 2. 

Many dark field detection systems have been 
designed assuming that only a single spot of the surface 

25 to be inspected is to be illuminated at any one time so 
that data processing is performed assuming the point 
spread function of a single spot. Therefore, the 
presence of two different spots 16, 18 may require a 
redesign of such systems to accommodate two different 

30 illuminated spots on surface 12, and is undesirable. 
The present invention eliminates the need for such 
redesign as explained below. 

Fig. 2 is a graphical plot of the point spread 
function of the two illuminated spots 16, 18 as seen by 

35 detector 80 where the intensity of the beam with a first 
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polarization and having power Pj illuminating one spot 
is twenty-four times the intensity of the other beam 
with a second different polarization and power p 2 
illuminating the other spot. As shown in Fig, 2, 102 is 
the point spread function of the spot illuminated by the 
beam with the first polarization and point spread 
function 104 is that of the spot illuminated by the beam 
with the other polarization. The sum of the two 
functions as seen by detector 80 is illustrated by curve 
106. As is clear from Fig. 2, the combined point spread 
function of the two spots 16, 18 is essentially the same 
as that of the spot 16 illuminated by the beam with the 
first polarization alone. Hence the dark field 
detection system originally designed for detecting light 
scattered from a single illuminated spot need not be 
altered to accommodate a combined dark and bright field 
detection system such as system 10 of Fig. 1. 

The half wave plate 36 is used to rotate the 
plane of polarization of beam 32 so that the plane of 
polarization is at such angle to the vertical and 
horizontal axes of the Wollaston prism 40 that beam 52 
of the first polarization has an intensity or power P x 
that is at least twenty times the intensity or power P 2 
of the other beam 54. 

The operation of the bright field detector 60 
will now be described. Upon reflection by beam splitter 
38 , the portion of the beam 58 from reflection of beam 
52 has P polarization and the portion of the beam 58 
from the reflection of beam 54 has S polarization. 
Assuming that P is the total power of beam 56 before 
reflection by beam splitter 38, P p and P B are 
respectively the powers of the P polarization and S 
polarization portions of beam 56 and y is the ratio 
Pp/P, then the quantities P, P p , p 8 are related as 
follows: 
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P = Py and P 3 =P (1 -y) 



Then the intensity I** detected by detector Dl 
from beam 72 is proportional to quantity given as 
follows; 



5 where Rp is the reflectance of the beam splitter 38 with 
respect to light of P polarization and R B is the 
reflectance of beam splitter 38 with respect to light of 
S polarization* If the beam splitter 38 has equal 
reflectance for light of P and S polarizations and if y 
10 is 24/25 , then the intensity detected by detector Dl is 
given approximately as follows: 
a PR(l-2/56<t>) 

where R is the reflectance of beam splitter 38 of light 
of both P and S polarizations. 

15 In other words, if beam splitter 38 has the 

same reflectance irrespective of polarization, and where 
light of P polarization is of an intensity twenty-four 
times that of the S polarization, the phase shift that 
is detected by the bright field detector 60 is reduced 

20 only by about 60% despite the big difference (24 to 1) 
in intensity between the light of P polarization and the 
light of S polarization in beam 58. If beam splitter 38 
transmits 85% of incident light and reflects 15% of the 
incident light, then the total power P of beam 58 is 
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about 12% of the light provided by laser 30 , where this 
percentage may be further reduced due to the imperfect 
light reflection at the surface 12. 

One alternative scheme to the above described 
5 one is to orient the half wave plate 36 so that beams 52 
and 54 have equal intensities; this would increase the 
percentage of laser power delivered to the bright field 
detector 60 at the cost of reducing the intensity 
density of light delivered to the dark field detector 

10 and hence its sensitivity. Even so, the total power of 
beam 58 sent to the bright field detector 60 would only 
be 25% of that of the light provided by laser 30 (again 
not taking into account the further reduction in 
intensity due to the imperfect light reflection at the 

15 surface 12), and such power is only about twice that 
delivered using the scheme described above in reference 
to Fig. 2. In other words, at a modest reduction (by a 
factor of about 2) of the total power delivered to the 
bright field detector 60, the intensity or power for 

20 dark field detection is not noticeably reduced so that 
the detection sensitivity of the dark field portion of 
the system is preserved. 

As noted above, where beams 52, 54 have the 
same intensity, this will require the data processing 

25 portion of the dark field detection system be altered to 
accommodate detection from two illuminated spots, which 
is undesirable. In other words, the scheme described 
above avoids a redesign of the dark field detection 
system at only a modest reduction in the total power of 

30 the light delivered to the bright field detector 60 and 
at a modest reduction of the phase shift signal detected 
by the detector 60. 

The above-described 60% reduction in the phase 
shift signal can be compensated for by using a 

35 transparent dielectric material instead of a beam 
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splitter 38 as described below in reference to Figs* 3A, 
3B and 4. As shown in Fig, 3A/ instead of beam splitter 
38, a block of a transparent dielectric material 138 is 
interposed between the half wave plate 36 and the 
Wollaston prism 40. Block 138 has two substantially 
parallel surfaces 138a, 138b. Block 138 in Fig. 3A is 
oriented so that the surfaces 138a, 138b are at 45° to 
beams 32 1 and 56. Fig. 4 is a graphical illustration of 
the reflectance of glass at different incidence angles 
of an incident beam of light, showing the reflectances 
of the light of both P and S polarizations. As is 
evident from Fig. 4, if block 138 is made of glass, it 
has a higher reflectance of light of S polarization 
compared to that of P polarization except at very low 
and very high angles of incidence. At 45° angle of 
incidence as shown in Fig. 3A, the reflectance of light 
of S polarization is roughly an order of magnitude 
higher than that for light of P polarization. This will 
tend to compensate for the reduction in signal of the 
phase shift detected by detector 60. There is a range 
of angles around 45 degrees within which the relative 
reflectances of light of P and S polarizations will 
compensate for the reduction in signal of the phase 
shift detected by detector 60. Such range of angles 
have values that are smaller than the Brewster angle of 
glass as shown below. Thus if the incidence angle is 
chosen to be within such range, the reduction in the 
phase shift signal due to the disparity in intensities 
of beams 52, 54 is partially compensated for. 

In reference to Fig. 4, the refractive index 
for glass is 1.5 so that the Brewster angle is about 
56°. If a 64° incidence angle (greater than the 
Brewster angle) is chosen instead as illustrated in Fig. 
3B, then the light reflectance of light of S 
polarization is about twenty to twenty-five times that 
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of light of P polarization. In such event , the ratio 
R p /R 8 is approximately equal to (1-Y)/Y# so that the 
intensity detected by detector Dl is proportional to a 
quantity given as follows: 



'« a p <P P Y+(1-Y) R 3 ) - 2yj{R p R s ) Y (1 -Y) sin 5 4>} 



•out a PR. fo(^) + (1 -Y» - 2 



(^) Y (1-Y) sin 6 (J)} 



U a PR s ( 1 - Y) ft - sin (a <(>)} 



5 in other words, by using a transparent 

dielectric having a reflectance ratio R p /R. that 
compensates for the big difference in intensity between 
the beams 52 , 54, the above-described reduction in the 
phase shift signal detected by detector 60 is entirely 

10 compensated for, so that there is no longer such 
reduction. Again there is a range of angles around 64 
degrees within which the relative reflectances of light 
of P and s polarizations will compensate for the 
reduction in signal of the phase shift detected by 

15 detector 60. In general, to compensate for the 
reduction in the phase shift signal, the value of the 
incidence angle may be chosen from two ranges of values, 
with the values within one range less than and with 
values within the other range greater than the Brewster 

20 angle. 

From the equations above, the fringe 
visibility of detection can be derived and is given by 
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the expression on the left hand side of the equation 
below. For best results, the fringe visibility of 
detection should be as high as possible, that is, as 
close to 1 as possible. For a practical system, it is 
5 assumed that the fringe visibility of detection is 
greater than 0.9, as given by the equation below: 







p, 


\ 




Ps 



R * P D 

P 3 



* 0.9 



where — = 



cos(9-e 1 ) 



cos(9+6 1 ) 



with 0 « angle of incidence 
0'= angle of refraction = sin-*[ (l/n)sin(8) J 
10 n = refraction index of beam-splitter material. 

Note that if other values of fringe visibility are 
acceptable, then one simply changes 0.9 to one of those 
values. 

Preferably, the choice of angle of incidence 
15 such as illustrated in Figs. 3A, 3B is such that fringe 
visibility is optimized. Once a suitable material has 
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been selected for the transparent dielectric in block 
138 so that its refractive index is known, then the 
above equations for the fringe visibility may be used to 
derive an optimum value for the incident angle between 
5 beams 32 56 and the two surfaces 138a, 138b of block 
138, 

It is to be understood that the beamsplitter 
38 of Fig. 1 can be designed in such a way that it 
reflects and transmits the P and S polarizations 

10 differently, in substantially the same way as the 
dielectric block 138 of Figs. 3A and 3B. For example, 
a specially designed beamsplitter which transmits 85% to 
90% and reflects 15% to 10% of the P- polarized light, 
and transmits 15% to 10% and reflects 85% to 90% of S- 

15 polarized light would ensure that for equal input power 
levels in P- and S- polarized light, the bright field 
detectors would receive equal amounts of both 
polarization. For an input light with substantially 
different amount of P- and S- polarization components, 

20 such as the 24:1 I p /I 8 power differential used in the 
above description, the distribution on the wafer would 
consist of two adjacent spots in the intensity ratio of 
at least 200:1. This would be almost indistinguishable 
from a single spot. On the other hand, the total power 

25 received by the bright field detectors, and the fringe 
visibility would be very similar to those discussed 
before (in the context of the beamsplitter which had the 
85% and 15% power split between the transmitted and 
reflected light). Naturally, other power splits are 

30 also possible. For example, the specially designed 
beamsplitter may transmit 95% to 98% and reflect 5% to 
2% of the P- polarized light, and may transmit 53% to 
57% and reflect 47% to 43% of S- polarized light. The 
above described specially designed beamsplitters are 
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available from Alpine Research Optics of Boulder, 
Colorado according to customer specif ication. 

While the invention has been described above 
by reference to detection of light reflected from an 
5 opaque surface 12 such as that of a semiconductor wafer, 
a slightly modified scheme may be used for detecting 
anomalies on surfaces of or within layers of material 
that are transparent. This is illustrated in Fig. 5. 
As shown in Fig. 5, the light transmitted towards spots 

10 16, 18 on surface 12 of a layer of transparent material 
200 will pass through the surface and layer and be 
reflected by reflectors 152, 154 towards beam forming 
optics 156 and combined by a second Wollaston prism 160 
(designed to be complementary with the first Wollaston 

15 prism 40) and directed to detector 60 to be detected in 
the same manner as described above. Since no reflected 
light will retrace the path of the incident beam towards 
the laser, no beam splitter will be necessary in the 
light path between laser 30 and surface 12. 

20 While the invention has been described above 

by reference to various embodiments , it will be 
understood that different changes and modifications may 
be made without departing from the scope of the 
invention which is to be limited only by the appended 

25 claims . 
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WHAT IS CLAIMED IS- 

1. A system for detecting anomalies of a 
sample , comprising : 

means for transmitting to said sample two 
5 substantially parallel optical incident beams, said 
beams being initially coherent but of different 
polarizations; 

at least one dark field detector detecting 
light scattered by the sample from the two incident 
10 beams ; and 

a bright field detector detecting any phase 
difference between transmitted or reflected portions of 
the two incident beams by the sample. 



2. The system of claim 1, further comprising 
15 means for combining the transmitted portions through the 
sample or reflected portions from the sample of the two 
beams to form a combined beam; wherein said bright field 
detector includes: 

means for separating the combined beam or a 
20 beam obtained therefrom into a first and a second output 
beam having different polarizations; and 

means for detecting the first and second 
output beams to provide two outputs and for subtracting 
the two outputs to provide a phase shift signal. 

25 3. The system of claim 1, wherein one of the 

two incident beams is at a higher intensity than the 
other of the two incident beams. 

4. The system of claim 3, wherein one of the 
two incident beams is at an intensity at least 2 0 times 
30 that of the other of the two incident beams. 
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5. The system of claim 1, said transmitting 
means including: 

a laser to provide a coherent light beam 
towards the sample; 

a beam splitter passing the beam from the 
laser towards the sample, and reflecting the reflected 
portions by the sample of such beam towards the bright 
field detector, wherein the beam splitter passes 85% or 
more of the light incident on it. 

6. The system of claim 1, said transmitting 
means including a body of a transparent dielectric 
material. 

7. The system of claim 6, said body being in 
the shape of a block with an incident surface and a 
reflecting surface, said two surfaces substantially 
parallel to one another, said beam provided by the laser 
being directed towards the incident surface at an 
incident angle which has a value in one of two ranges, 
the values of one of said two ranges being greater than 
and the values of the other of said two ranges being 
smaller than the Brewster angle of the dielectric 
material. 

8. The system of claim 1, said two incident 
beams simultaneously illuminating at least two areas of 
the sample, wherein the at least one dark field detector 
detect light scattered by the simultaneously illuminated 
areas of the sample and the bright field detector 
detects a phase difference between the transmitted 
portions through or reflected portions from the 
simultaneously illuminated areas of the sample. 
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9. The system of claim 1, said transmitting 
means including an optical element that reflects and 
transmits light of P-polarization and S-polarization 
differently. 

5 11. The system of claim 9, said optical 

element including a polarizing beam splitter that 
reflects 2% to 5% of P-polarized light and 47% to 43% of 
S-polarized light but transmits 98% to 95% of P- 
polarized light and 53% to 57% of S-polarized light. 



10 12 . A method for detecting anomalies of a 

sample, comprising the steps of 

transmitting to said sample two substantially 
parallel optical incident beams, said beams being 
initially coherent but of different polarizations; 

15 detecting light scattered by the sample from 

the two incident beams; and 

detecting a phase difference between 
transmitted portions of the two incident beams through 
the sample or reflected portions of the two incident 

20 beams by the sample. 

13 • The method of claim 12 , further 
comprising combining the transmitted portions through or 
reflected portions of the two beams from the sample to 
form a combined beam; wherein said phase difference 
25 detecting step includes: 

separating the combined beam or a beam 
obtained therefrom into a first and a second output beam 
having different polarizations; and 

obtaining a difference between the first and 
30 second output beams. 
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14. The method of claim 13 , said obtaining 
step including detecting the first and second output 
beams to provide two outputs and subtracting the two 
outputs to provide said phase difference. 

15. The method of claim 12 , wherein one of 
the two incident beams is at a higher intensity than the 
other of the two incident beams. 

16 . The method of claim 15, wherein one of 
the two incident beams is at an intensity at least 20 
times that of the other of the two incident beams. 

17. The method of claim 12, said transmitting 
step including: 

directing a coherent light beam towards the 

sample; 

providing a beam splitter that passes the beam 
from the laser towards the sample, and that reflects 
reflections from the sample of such beam towards the 
bright field detector, wherein the beam splitter passes 
85% or more of the light incident on it. 

18. The method of claim 17, wherein said 
transmitting step includes providing a body of a 
transparent dielectric material for passing the beam 
towards the sample and reflecting reflections by the 
sample towards a bright field detector, said body being 
in the shape of a block with an incident surface and a 
reflecting surface, said two surface being substantially 
parallel to one another, said transmitting step 
including directing said laser beam towards the incident 
surface at an incident angle. 
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19. The method of claim 18 , further 
comprising the step of determining, prior to the 
directing step, an optimal value for the incident angle 
as a function of the index of refraction of the 

5 dielectric material, and of a desired fringe visibility. 

20. The method of claim 12, said transmitting 
step causing the two incident beams to simultaneously 
illuminate at least two areas of the sample, wherein the 
two detecting steps detect light scattered by and phase 

10 difference between the transmitted portions through or 
reflected portions from the simultaneously illuminated 
areas of the sample. 
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